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Zh. S. Takibayev, A. A. Loktionov, 


Ts, I. Shakhova 


An analysis is made of the angular 


produced by cosmic-ray particles with energy exceeding | 
nition of tne shower-prodic ing varticles, 


energy dependence of the angular distr:} 
ait analyzed showers are divided into two energy 
includes all showers produced by varticles ( 
energy of the order of joll ev ( at least >)9! v): 
oarticles with energy exceeding {év. 
taken from published material. : 
The experimental data ottained 
that independently emit mesons (Takagi, Feinberg 
The comparison reveals 


assumption that: 
a) there is a power enerey spectrum 
), which agrees with the Heisenberg theory: 
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For comparison 3 study is made of showers 
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and Chernavsky, Kokxoni et al.). 
the limitations of this model. 
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AUTHORS: San'ko, L. Ae, Takibayev, Zhe Se, 50V/56-37-1-1/64 
Shakhova, Ts. I., Balats, L. Ya. 

TITLE: On the Angular Distribution of Shower Particles in Stars 
Formed by Particles of High Energy (Ob uglovom raspredelenii 
livnevykh chastits v zvezdakh, obrazovannykh chastitsami bol'- 
shoy energii) 

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, 

Vol 37, Nr 1, pp 3-10 (USSR) 
ABSTRACT: In the course of the evaluation of emulsion piles exposed in 


the geographical latitude of Moscow at a height of 30 km, a 
star (20 + 15 + 59p) was recorded, which had been produced by 
an interaction between a cosmic radiation proton and an 
emulsion nucleus (Fig 1). In the present paper the authors 
report about an analysis of the angular distribution of charged 
particles in this star. The energy of the primary particle 

was determined as amounting to 

Be (19 eg Bev. According to Heitler and Terreaux 

(Ref 4) the star ought, at such high energies, to consist only 


Card 1/3 of 3-4 highly ionizing particles; the star investigated by 
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the authors (hi = 35) cannot be explained by the Heitler- 


Terreaux theory. Figure 2 shows the differential angular 
distribution of the shower particles in this star. The histo- 
gram has two different maxima. For comparison, the curves for 
isotropic distribution (in the cms), for Heisenberg distribu- 
tion, and for distribution according to Landau are plotted. 
It was found that, if it is assumed that ina nucleon-nucleus 
collision the angular distribution does not deviate consider- 
ably from that of the mesons formed in a nucleon-nucleon 
collision, the angular distribution observed can be explained 


neither by Heisenberg's (Ref 6) nor by Landau’s theory (Ref 7). 


Figure 3 again shows @ histogram of tne angular distribution 
of shower particles in the laboratory system. The curves 
1,2,3,4 (in the ems) successively show Caussian, isotropic; 
and anisotropic distribution for each of the two maxima 
separately (in consideration of the eneréy spectrum of the 
produced particles and on the assumption that they are mono- 
energetic). It may be assumed that the two maxima observed in 
the differential angular distribution originate from a meson 
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emission of two unconnected centers, which move in different 
directions in the cms: 30 particles in the narrow and 29 in 
the diffuse cone. Figure 4 shows the integral angular distri- 
bution of such a star. The authors then give a report on an 
investigation of further 11 stars with Eorim > 100 Bev, which 


have the same characteristic anisotropy. Figure 5 shows the 
total histogram of these 11 showers with the two maxima. 

Table 2 shows the results of an analysis of all investigated 
showers (Nr 10 gives the data of the first star describved in 
detail). In conclusion, the angular distribution of the gray 
and black traces of the (35 + 59p) star is discussed on the 
basis of figure 6. There are 6 figures, 2 tables, and 12 refer- 
ences, 8 of which are Soviet. 


ASSOCIATION: Institut yadernoy fiziki Akademii nauk Kazakhskoy SSR (Insti- 
tute of Nuclear Physics of the Academy of Sciences, Kazakhs- 
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AUTHORS: Boos, EB. Gey Takibayev, Zhe Se gov /56-37-1-43/64 


TITLE: On an Evaluation of the Energy Characteristics of, Shower- 
producing Particles (0b otsenke energeticheskikh kharakteris- 
tik livnegeneriruyushchikh chastits) 


PERIODICAL: Zhurnal eksperimental 'noy 4 teoreticheskoy fizki, 1959; 
Vol 37, Nr 1s Pp 292-293 (USSR) 


ABSTRACT: It has already been shown experimentally that for the particle 
momenta p, (in units pes where p denotes the particle masg) in 
cosmic showers it holds that: Pp ee1, where the individual 

values no longer deviate from the average value. This fact, as 
well as the assumption concerning the symmetric flying-apart 


of the shower particles in the cmS, permits an evaluation of 
the parameter Yo = 1fyi- Be , where 6, is the velocity of the 


ems with respect to the laboravory system. The authors of the 
present “Letter to the Editor" investigate two variants of 

the symmetric flying-apart: a’ the angular symmetry for partic- 
les departing under the angles a5 and 6!, if 84 = I- Hn and 


erpendicular to the 
sane number of 


bp) if on both sides of a plane that 
card 1/2 direction of the motion of the cus 
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Particles on the Atomic ilumber of the Split Hucleus. 


which are to be determined in the stars with ng <6) can be explained 


“~~ 
by the gid of the multiple-nultiple theory of production. At least 
up to an energy of 1o BeV tne production probability of pions in tunge 
sten is greater than in aluninun. According to datg obtained cn a cos~ 
wotron and abetatron at energies of from 1 to 6 BeY malticolicity hare 
ly depends at all or the atomic number of the target nucleus. The eutie- 
or turther investigated several other problems and obtzineé emuong oth- 
srs the following results: The energy spectra of the recoil nucleons 
created on the occasion of the spallation of tungsten-and aluninaa 
nuclei Giffer essentially from one another. "“Pransparency" (in the 
sense of the prodagtion of stars with Hh.73) of aluminum and copzer 
decreases from 600 to 3000 lieV with an increase of the energyjor the 
shover-foraing particles. The number ef emitted fast vrotons with en- 
ergies of fron 30 to 500 UeV increases with an increase of the atonic 
number of the disintegrated nucleus and also with an increase of the 
energy of the star-producing particles.(1 illustration, 1 taple). 
Physical-Technical Institute of tne Acad. of Science of tne Kazaxh 
Skobeltsyn, L.V.,Nenber of the Acadeny. 
608.1955. 
Librar, of Congress. 
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distributions In 2 


diagram the curve given by the integral an~ 


gular distribution ig compared with the distribution of the 


shower particles of the star 35 + 59 p- 
Such comparisons are, 
fhe production of the shower particles may thus be 2x-* 


tisfactory. 
stars. 
plained as follows. 


angular distribution © 


f particles 


Agreement is fully sé-7 
by the Ways possible for any 
In the case of high multiplicity the 

(produced in the first stage 


of the collision yetween the particle and any part of the tare 


get-nucleus ) 


is nearly jgotropic in the center of mass system 


2) the angular distribution ig subject to considerable fluctua 
tions. 3) The angular distribution An/Ax, which was observed 
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Investigations of the Kazakhstan Scientists on Cosmic "AYS 
(Raboty uchenysn Kazakhstana po kosmicheskin luchan) 


PERIODICAL: Veastnik Akademii nauk 


ABSTRACT: The seientists! efforts in the field of the physer 
rays were directed from the beginning onto the i 
of nuclear phenomena caused by high-enerey particl 

method of nuclear pho toemulsions was applied for this 
NULPOSE + Since 1950, the stratosphere has been explored at 
altitudes of from 25 to 30 km, attention being chiefly devoted 
to the investigation of nuclear fission showers that are 
accompanied by the formation of a large quantity of 7 -mesons 
and other elementary particles (see Fig 1). In denendence of 
the character of the collision of particles, distributions 
occurring may belong to type 1 or to type 2 {see Fig 2). 

3s, Takagi assumed the presence of two emission centers of 
f-mesons in the center-of-mass system of colliding nucleons. 
This assumption, however, has not proved to pa correct, and 
further thorough investigations are therefore requires. rs 


rrr 
+ 
H 


APPROVED : 
FOR RELEASE: 07/13/2001 CIA-RDP86-00513R001754720016-8" 


"APPR : 
F OVED FOR RELEASE: 07/13/2001 CIA-RDP86-00513R001754720016-8 


ee SS 


SSEPE Crt Sere ae i es 


Pere. - 
inf bso, 


Investigations of the Kazakhstan Scientists on S 
Cosmic Rays 
The Institut yadernoy fiziki Akademii nauk Kasakuskoy SSR 
(Institute of Nuclear Physics of the Academy of Sciences of 
the “agakh SS ) began investigntions on the direct energy 
determination of primary particles with the method which 18 
now being develored in the sau /toskovskiy gosudarstvennyy 
+ (Moscow State University). At present, efforts 

voted to the determination of the role 
the formation of 
pressed that it may be 
ontact with 
izicheskiy 
Pp. 


nniversite 
ATS particularly de 
the unsteady particles in 


played by 
the hove is ex 


showers. In conclusion, 
possible also in the future to work in close ¢ 
the scientists working on the same problems at the F 
institut im. P. N. Lebedeva (Physics Institute iment 
Lebedev), Institut atomnoy energii fkademii nauk SSS% 
{Institute of Atomic Energy of the as USSR), the Viescow 
University, and other scientific cent 

are uniter investigation. There are 2 figures. ee 
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SATPAYEV, K.1., glavnyy red.; CHOKIN, Sh.Ch., otv.red.; BAZANOVA, N.U., 
red.; BEKTUROV, A.B., red.; POKROVSEIY, S.N., red.; POLOSUKHIN, 
AP. red.; TAKIBAYEV, 2h.5S., red,; ASAINOV, H.A., red.; POGOZHEV, 
4.S., red.; SEMENOV, M.N., red.; PROKHOROY, ¥.P., tekhn.red. 


(Science in Soviet Kazakhstan, 1920-1960] Nauka Sovetskogo 
Kozakhstana, 1920-1960, Alma-Ata, 1960. 688 p. 
(MIRA 13212) 


1. Akademiya nauk Kazakhskoy SSR, Alma-Ata. 
(Kazakhstan-~Science ) 
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5/707 60/003/000/603/01 3 
B117/B102 


AUTHORS: Boos, E- Ges 


A survey of methods for estimating the energy and the 
inelasticity coefficient in meson showers produced by 
cosmic rays 


Axademiya nauk Kazakhskoy SSR. Institut yadernoy fiziki- 
Prudy. ve 3s 1960. Vzaimodeystviye yysokoenergichnykn 
chastits 3 atomnymi yadrami, 46-63 


gext: This survey analyzes various recent methods for estimating the 
energy of shower-producing particles, which are based on angular 
distribution measurements of secondary particles. L. D. Landau, A. I- 
Hikisnev, and I. L- Rozental' are mentioned. There are 4 figures; 

3 tables, and 35 references. 16 Soviet-bloc and 19 non-Soviet-bloc- The 
four references to unglish-languaée publications read as follows: B. 
fdwards, J- Losty, D. H- Perkins, K- Pinkau, and I. Reinnolds, Phil. Mag- 
35 237) 1958; C. Powell, Report delivered at the Geneve Conference On the 
Peaceful Use of Atomic Energy, Geneva, 1958; Camerini; Fowler FP. H- et al. 
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Phil. Mag. 41, 413, 1950; V. D. Hupper et al. Phys. Rev. 84, 457, 1951. 
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AUTHORS s Boos, E.G,, Takibayev, Zh.S. 


[TITLEs Estimate of the energy {E > 5xi010 ev) of primary particles from 
angular and energy distributions of secondary shower particles 


PERICDICAL: Referativnyy ghornal.Fizika, no.10, 1961, 95, abstract 10B#92 ({"Tr. 
Mezhdunar. konferentsii poe kosmich, lucham, 1959, Vv. 1", Moscow, 
AN SSSR, 1960, 76 - 86) 


and fraction of energy K convey these particles in the center-of-mass Ssys- 

rem are estimated by the method based on using transverse momentum of shower 

particles, A correlation between quantities K, ‘ng and ¢ is studied with- 
4n the framework of this method. The energy spectrum of the shower-producing 
camponent is taken into account in estimating the value of i . It is shown 

_ that in all theories and models of. multiple meson productio discussed in the 
nresent article, in which primary nucleons are not separated from the emitting 
velumes, the form of K- To relation does not correspond to that observed in ex- 
perimen%s. : L. Dorman 
batageters note: Complete translation] era ys 
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AITHORS + Vinitskiy, A.Kh., Golyak, I.G., Takibayev, Znh.S., Chasnikov, I.va, 
TITLE: Investigation of energy spectrum of particles produced in high- 


energy nuclear interactions 


PERICDICAL: Referativnyy zghurnal Fizika, yno.10, 1961, 95, abstract 1OB491 ("Tr. 
Mezhdunar. konferentsii po kosmich lucham, 1959, v. I", Moscow, 
AN SSSR, 1960, 61 - 70) 


The authors investigated showers in which the energy of produced 

eles was determined by measuring multiple Coulomb scattering or, in rare 

s2s, by measuring relative scattering of closely flowing particles, In the 
case of two showers (2 + 16 p and 2 + 14 n), the spectra of Y-quanta, being 3 

cay products of Jf °-mesons, were obtained; the energies o -quanta were i 
ermined on the basis of analysis of electron-positron pairs produced by them. 
tne experimental data obtained in this way are compared with spectra of P-quanta 
feiiowing from various versions of the theory of multiple meson production. 
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Transverse momentum distribution of mesons in high-energy 
showers 


Akademiya nauk fazakhskoy SSR. Institut yedernoy fiziki. 
Trudy. Ve 3, 1960. Vzaimodeystviye vysokoenergichnykh chastits 
gs atomnymi yadrami, 69-99 

ation of the transverse 
production at 
According to the 


fiz., 17, 51; 


EXT: The present paper gives a systematic classific 
momenta following from various theories of multiple meson 
high energies and from various phenomenological schemes. 
hydrodynamic theory of L. D. Landau (Izv. AN SSSR, seriya 
1953), the formulas 
ag 
: exp [-p+3Y Baw (I + exp (—2})}? 


7 (3), 
(perp (2 . 


K 
[ 2-exp(— 29 —3 fbn 
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L ] = 
ew |- Ftp Ea 
2 1 + exp (-- 24) 


eo 


euar (4) 


and Fig. 1 hold for the meson distribution on transverse momenta. * and w 

are the nucleon and pion masses respectively. The law of the conservation 

of momentum is satisfied neither by the Fermi theory nor by Landau's “f 
hydrodynamic theory, as practically all values of the inelasticity pee 
coefficient disagree with experimental data: The part of mesons with lerge 
transverse momenta is considerably larger than it is in reality. According 

to the Fermi theory, the distribution 


dN _ ite, TS ae es ge 
Nap, ~~ a-f (9) fc ~Y )dy STW aed Garr iaeemeeer naa (7) 
ai “QP *{ex0] es ay) | =] 
—9, — (t+? I+ 2 
re a= 2,413 4 f (p) = [afin ptt = #|: 
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shown in Fis. 2 for ae 10 and for various values of the inelasticity 


coefficient, is found at high energies and not as predicted (3) and (4). 

The Fermi theory (taking into account the conservation of momentum) and 

the Landau theory give correctly the anisotropy of the angular distribution 

of mesons produced in high-energy nucleon-nucleon collisions. But both theories 
probably give a much too hard energy distribution of the mesons produced 

and hence incorrect transverse momentum distributions. ‘With the Bose 
distribution of pions, a transverse momentum distribution is obtained 

which depends on the critical temperature Guaaes at which the system . 
begins to disintegrate). On the condition of monoenergetic mesons in the ‘ 
center of mass system, the distribution 


dN Put OD py 
map, = (2-8 +1)-( ~ | ar O<PL< Py (11) 


holds, where Py is the momentum of mesons in the center of mass system. 


For a Heisenberg spectrum 


Card 3/6 


CIA-RDP86-00513R001754720016-8" 


APPROVED FOR RELEASE: 07/13/2001 


CIA-RDP86-00513R001754720016-8 


SeSeeoes Sees ease eer eeen ppeeesaes 


ee ne SS ed EES 7 


"APPROVED FOR RELEASE: 07/13/2001 


3/707/60/003/000/005/013 


Transverse momentum distribution... B125/B102 
dN Putin) [Pp ig 
wap, =e reiy /\ pected. (a4) 
0 


holds in the case of anisotropic angular distribution. The experimental 

data can by no means be accounted for by monoenergetic or isotropic meson i 
distributions (n = 0) in the center of Mass system. Heisenterg's ideas on 

the magnitude of transverse momenta are confirmed experimentally. In the 

cause of n>10, the angular anisotropy is too sharp and does not 

correspond to the experimental distribution. There are 6 figures, 1 tabie, 
and 27 references: 10 Soviet and 17 non-Soviet. The two references to 
English-language publications read as follows: ¥V. D. Hopper, S. Biswas, 

J. E. Darby, Phys. Rev., 84, 457, 1957; B. Edwards, FP. Losty, 

D. do. Perkins, K. Pinkau, and Pf. Reynolds, Phil. Meg. 3, 237, 1958. 
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Pag?v: The present caper describes a cosmic-ray shower at an alti tude of 
1 eee : 1 ‘ eT £ 
km found during a 90 hours! exposure in a stack of 40 films o1 


R) and consistiny of 61 minimally ionized tracks. 


type P 
through 76 emulsion films and an aluminum sheet 0.5% am thick. The charged ; 
i : z z : - = , 
shower particles croduced at primary interaction form nine seconuary w 
: t ys 


at 
n 


1 
interactions 


he distunce R between t 


he stack and the point of inter- wt 


section of all tracks with the original track was determined from the 


n the first piate. 


by be 
it 


primary collision. Using the formula 
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the energy YY oF the incident nuclecn in the center of mass syatem was 
BF ve 
determined (in terms of the rest mass) from the angular distribution of - 
. . : a n = 1 a“ 
oduc seco ry interaction. ©; is the ansle al 
tha i-th particle and tne shower axis in the 
: € mined by different 


“y particle energy deter 
i al i) ees $2¢ and 


aspectively, when 


26 and 33 sarticles are emitted in the 
) tc = 440; B= 3.7° 707 Bev and 
, respectively when using 44 and 73 tracxs passing 
c 
through the first plate. The values of fo and of tne inelasticity 


coefficients K were calculated for 26 particles from the angular distribu- 
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tion by a method developed by the authors. At constant tranaverse 
. a A 2 . ie z Es hes  4TtA 
momenbum v, they Were found to be: at P = Tyee; 2 pc und 9 uc, a © 244, 
o Vo 
6 tively. and K = 0.019; 0.074 and 0.043, respectively, 
3 » = 786; 239 and 254, 


t Pe = 1 Ro; 2 po and 7 fc 1 
9.0594; 0.085 and 0.119, Tespe tively. The values 


Huove 


oo 


C 
02 found by the method of H. Huzita 
b 


- gigtribution found in the first 


Me anscita 
ame angurar 


coordinates shows a ctetter coincidence with the c 
senderg distribution than with the monoenergetic isotropic i.” 


The angular distribution of particles produced at 
isotropic at average energies of ~5 Bev, alread 


5 
40 Bev an 


ic at 
anisotropic distribution. There are 6 figures, 1 table, anc 6 references: 
9 Soviet and 4 nen-Sovist. Tre two references to English-language 
publications read us follows: Gastagnoli, G. Cortini, Franzinetti, 
ov 


o Cimento, 10, 1559, 


. Manfredini and D. Moreno, Nu 
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TITLE: Measurement of Multiple Scattering on the Tracks of 
™ 10 GeV Protons /4 


PERIODICAL: Pribory i tekhnika eksperimenta, 1960, No.5; ppol5~-19 


TEXT: A Large number of papers have been published on the 
multiple scattering of charged particles in nuclear emulsions 
(Refs.1-10 and others) in which it js concluded that micro- 
distortions of the emulsion give rise to spurious scattering- These 
local distortions are a serious problem in high-accuracy worke 
Other sources of spurious scattering, such as stage noise, thermal 
noise etc. can now be adequately allowed for Sv that the local 
distortion is a residual effect still to be overcome. The present 
authors have measured the multiple scattering in VK®V -P (NIKFI-R) YY 
emulsions 450 P thick using the MBN -8 m (MBI-8 m}Ymicroscopes The 
10 GeV synchrophasotron of the Joint Institute for Nuclear Studies 
was used as the source of the protons. The total Length of tracks 
examined was 2,8 m and the mean length per track was 5 cm; The 
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following methods were used to analyse the data obtained. The 


second difference D can be written down in the form 


= 2, = 2 

Dp = 1 
De (1) 

where D is the ,ggntribution due to Coulomb scattering and is 

equal to 1.74 Kt?’ “/PV, where P is the momentum, vis the 

velocity, K is the scattering constant and n_ is the contribution 


due to spurious scattering When DX 4n, the quantity 1 can be 


excluded by various methods, for example, by taking higher 
differences (Ref .10)-. The spurious scattering mn can be looked 
upon as consisting of two parts, one of which depends on the cell 
size and the other does not. “The latter can always be subtracted 
from the measured D in which case Eq- (1) can be re-written in the 


form 


(1074 K/PV)*t> + Palas (2) 


APPROVED : 
FOR RELEASE: 07/13/2001 CIA-RDP86-00513R001754720016-8" 


"APPROVED FOR RELE 
ASE: 07/13/2001 
: CIA-RDP86-00513R0 
; 01754720016-8 


io Sata. 


8533h 
5/120/60/000/005/002/05 4 


£032/E51"t 


Measurement of Multiple Scattering on the Tracks of ~ 10 GeV 


protons 
cells described 


the method of three multiple 


On the other hand, 
(Ref.8) gives 


by Chasnikov et al, 


-2-2 «4 1/2 
Di, ~ Do 7 
a (3) 
% ane k De =2 
64D) + D,, - 16D, 
where Dy» D, and Dy are the mean second differences for cells in 
account the fact that the 
numbers 67 waa 


Tf one takes into 
the cell size; the 


68 and 16.'8. The spurious 

y determined and excluded by 
fourth etc. differ- 
matic distortions: 
the higher 


the ratio 12274. 
scattering constant K depends on 
16 in Eq. (3) should be replaced by 
scattering can be independentl 
using higher differences, for example, third, 
The higher differences also exclude syste 
) has also shown that the dependence of 


ences. 
Chasnikov (Ref.10 
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differences on Die and n is 
2 1/2 
~ =2 
aos gyepasten 2D 2 (5) 
fy _tv2 = 2.1/2 
ae = algyoaton = ape (6) 
2 ; _2 _ 2 1/2 : 
Dy 0,%264(10D" - sho ) : (57) 
9 
- = 2 _tv2.1/2 
Dy. = (2.8522 ~ 0.8D° ) (67) 
De can be found from Eqs.(5’) oF (6!) only in the case_of gona, 
statistics: since small statistical fluctuations in D or r 
have a strons effect on Dee As the order of the difference 
the contribution due to spurious scattering to this 
ase, It is, therefore. 


{11 also incre 
aid of the 


increases. 
attering 


difference for 
desirable to de 
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higher order differences. The spurious scattering cannot be 
determined when the statistical error FANS Ae Cie n. When 
Odi? ny De the energy cannot be determined at all. The best 


results for the energy when AD 54 ~~ A are obtained when the 
scattering is measured using the optimum cell size t, 


Chasnikov (Ref.10) has described a method for Ne EGeaintne tone from 
the experimentally determined Ce for which D/t isa minimum. 

The quantity Eases depends on the length of the track R and X 
aren in the following way: 


opt 


where t Ee and R are in units of 100 p- According to the 
opt min 


measurements carried out by the RVgssys authors and also other data 
x€1, When X = 0.5%, tye ep eet WERE this value of X 
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t , where t is the cell size corresponding to D, = Me 

m re) oO K 

It should be noted that aoe is not always equal to toe since the 
spurious scattering index X may not be the same for different 
emuLsionso In finding ty it is convenient to use the ratios 


@ = ptitya and q = pid. When Dy =n, @ = 1.55 and q = 2.8, 


Xu 


However, in the presence of psy gggmatt© distortions of tracks it is 
better to use the ratio Dp | /D or the equivalent ratio q/@. 
which is less dependent on systematic errors. The following table 
gives the mean values of the second differences for different cells 
and also the values of e and 4 obtained in the present work. 


Number of second aifferences/ 
overlapping 
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The following table gives the values of PV determined by differ- 
ent methods (in GeV) 


t ,mm 2 


The first, third and four 
allowing for spurious scatter s on second, third and 
fourth iifferences,respectively, j K assumed equal to 


D, pttt/@., Da Columns 5 and 6 give the values obtained by 
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Protons 
It was found 


and with the aid of Eq.(6'). 
d by the present authors tpe spurious 
yer law nm = 0.08 t* It is thus 
scattering is allowed for, the 
be determined by the multiple 
of 10 GeV. At this energy the 
for a cell size of t = k mm. 
Veksler and M,I.Podgoretski 

s irradiatec with protons 


the multiple cell method 
that in the emulsion use 
scattering n follows the po’ 
found that provided the spurious 
energy of charged particles can 
scattering method in the region 
spurious scattering is negligible 
Ac snowLedgments are made to V. I. 


for supplying the nuclear emulsion 
obtained from the above machine. There are 2 figures, &k tables 
and 11 references: 3 Soviet, 1 German and 7 English. 

tute of 
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3/031 85/600 /007 /001 [002 


Takibayevy ZheS., Academician of the AS Kazakhskaya 35R 


al Collisions of Light Nuclei 


Aw 


Vestnik akademii nauk Kazakhskoy SSR, 1960,ANo- 7, pp- 33 - 38 


nts of a magnetic trapping ves~- 
dying the fusion reaction of 


Such a 


vessel, in which the density of the reacting particles increases rapidly 
with time, would be suitable for carrying out controlled fusion of light el- 


ements with a large gain in energy- 


The vessel consists of 4 toroidal chan- 


ber in which, for the sake of argument, a magnetic field of equal intensity 


at all points is present, 


equal energy, are directed against each other, 


The two beams of light nuclei, accelerated to an 


and the spatial charge in any 


section of the toroid neutralized by a third beam, the density of the cure 


rents of the negatively charged particles being roughly equal. 
examines the equations for the movement of p 
4c chamber and shows that the particles wil 


lines of force of the magnetic field and to 
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ic field within the toroid, and that the absolute speed of the particles 
varies little. To reduce drift of the particles, he suggests the use of a 
magnetic field of variable sign; which varies along the toroid; this may 
well be of use for plasma also. The use of magnetic mirrors (formed, e.g.. 
by spiral currents) to reduce drift is not considered promising, Other 
variants discussed consist in the use of a transverse magnetic field and 
powerful focusing by magnetic lenses, and the system of particles which 
"catch each other up". In this method the deuterons and tritons are intro 
duced into the transverse magnetic field in such a way that they move along 
the same orbit. ‘There are 5 diagrams and 2 Soviet references. lp 


srry panera 
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a Interactions | 

PER TODLUAL. Zhurnal eksperimentali‘’noy i teoreticheskoy fiziki, 1966, 


Vol, 38. No, 2; BB; 633 = 634 


TEXT; The clarification of the relationship between the angular 
distribution of shower particles and their energy spectra and/or the 
Aistributicen of LorentzZ-invariant tranayerse momenta makes it possible to 
gtudy tha nucleon structure. The writer of the present "Letter to the 
Editor" reports on investigations of the relationship between the aniso- 
tropy of angular distribution of shower particles and the transverse com~<- 
ponents p, of their momenta. Fig. 1 shows this distribution of momentum 
components for four different showers: 2 + t6p, 2 + t4n, 2 + 15ps and 

3 + 39p (Refs, 4, 5s &é), Only in the case of the third shower p,; was not 


higher than 1.5 a oe Fig. 2 shows the integral angular distribution of the a 
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first three shower types, The angular distribution of 3 + 39p is almost 
equal fe that cf 2 and 2@ + t4n. A comparison of the resulting date 
indicates that in the case of anieotropis angular distribution the values 
of p, are mainly of the order of Mos and that Pr often exceeds mc in the 


esse of low anisetropy (2 r t6p. 2 + !4n, 3 + 39p). From this the authors 
conelude that in the Lattsr case the production of heavy mesons is to be 
expected, whereas in the case of strongly anisotropic angular distribution 
only plons will be produced, This relationship between the anisotropy of 
angniar distribution and the distribution of the momentum transverse 
components was found to exist in showers induced by 10-Beyv protons from 
the proton synchrotron of the Ob“yedinennyy institut yadernykh issledovaniy 
(Jornt Institute ot Nuclear _Research). There are 2 figures and 6 refer- | 3’ 


teti 


ences’ ¢ 5 Soviet, ? Ital dan, 1 German. and 2? American. 


ASSOCIATION. Institut yadexynoy figiki Akademii nank Kazakhskoy SSR 
iInetitute of Neelear Physics cf the Academy of Sciences of 
the Kasaknekava SSR) 


UBMITTED 
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A direct comparison with the experimental angular distribution in the 

cm. s. shows that even in this system the experimental angular distribu- 
tion is cons:derably less anisotropic. This discrepancy does not cceur if 
one assumes that the energy spectrum of the mesons produced is similar to 
the spectrum following from the Heisenberg theory (Ref. 1). (2) Tne hydro- 
dynamic theory by L. D. Landau (Ref. 11) leads to a distribution of the 
Py » which appears to be shifted into the region of high values of the 
transverse momenta; this is the consequence of an extremely hard energy yx 
spectrum of the mesons produced, such as is predicted by this theory. In 
a more exact variant of this theory as well as in the homogeneous variant 
(Refs. 14, 12) the distribution of the transverse momenta coincides with 
that obtained experimentally, (3) The Fermi theory (Ref. 15) in thermo: 
dynamic approximation does not lead to transverse momentum distributions 
agreeing with the experiment. (4) The transverse momentum distribution 
following from the Heisenberg theory (Refs. 1,10) agrees satisfactorily 
with the experiment. The energy spectrum of the produced particies 
resulting from this theory has been experimentally verified (Refs. 2-9) 
The angular distribution does not follow immediately from the theory, but 
it was qualitatively described by Heisenberg, who proceeded from the 
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regular representation of 


the order of magnitude of the averaze 
momenta. The angular dis 


BE LPANG Vaso 

tributions in the ©.M™;.s. given on the basis of 
10 have repeatedly been experimenins ly 
verified. (5) It is shown by analysis that the distribution of tne 


dynamic theory and by Heisenberg's field theory. The experimentally 


ference to neither of the two theories, 

Tey he Pomeranchuk, Ye L. Feynberg and D. Ss. Chernavskiy, G. A, Milekhin, 

and I. L. Rozental’? are mentioned. There are 8 figures and 25 refer 
ai. hozental’ | 


ences; 
9 Soviet, 7 Italian, 4 German, 3 US, 1 Swiss, and 1 British. 
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TITLE: Analysis of. angular distribution of thin tracks of showers produced 


by particles with energies of > 1011 ev 


PERIODICAL: Referativnyy zhurnal. Fizika, no. 10, 1961, 95, abstract 10B490 
("Tr, Mezhduner, konferentsii po kosmich, lucham, 1959, v. 1 
Moscow, AN SSSR, 1960, 51-60) 


TEXT: The authors investigated the angular distribution of thin tracks of 
showers produced by cosmic ray particles with energies exceeding 1011 ev. in the 
stratosphere. Characteristics of showers in the energy ranges 1011 ev <E <£10 2 
ev and E S 1012ey are compared with various theoretical concepts, To explain a 
number of peculiarities in angular distribution (e.g., occurrence in some showers 
of distribution with two peaks), it is proposed to take into consideration the 
role of produced particles (antinucleons, -mesons) in generation of additional 
particles at secondary collisions inside the target-nucleus, The angular distri- 
bution of shower particles produced by multi-charged particles is also analyzed, 
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A case is described, 15 + 515 Z, produced by a silicon nucleus with energy 
of ~ 600 Bev/nucleon. 


L. Dorman 


[Abstracter's note: Complete translation] A 
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particles according to the model of excited nucleons 
PERTODICAL: Zhurnal exsperimental'noy i teoreticheskoy fiziki, v.41, - 
no. 1(7), 1961, 139-145 ' . 


paxt: High-energy interactions (5 >10' ev) of cosmic-ray nucleons in 

photographic emulsions’ are analyzed on the pasis ,of the excited-nucleon : 
model. A particular'study is made of the angular distribution of th 

excited nucleons in the c.m.5. and its relationshio to ,the angular fis- 
tribution of the secondary shower particles in the lab system, 43S well- 
as their multiplicity ia the super-high energy range. Anelysis is made _ 
of showers with Nf 2 and n, 76 produced by gingle-charged or uncharged ; a 


; 

cosmic particles (nucleons) witn’ E >10) bev in the emulsion. 42 sucit 
snowers were studied in all. The angular distribution of the excited, 
nucleons in the c.m.s. was strongly anisotropic, small angles of- emission 
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(25-30°) predominating; in many showers of smaller multiplicity, however, |; 
angles of emission of 70° were reached. The experimental results are ! 
compared with those obtained from the theory of peribheral interaction in . 
single-meson pole approximation. Since the multiplicities were small, it : 
was necessary to take the fluctuation of the particle numbers into account ; 
(cf. Mf. I. Podgoretskiy et al. ZhETF, 29, 296, 1955). Further, the i 
dependence of the form of angular distribution of shower particles on 
their velocities of emission, and on the angle of emission of the excited 
nucleons in the c.m.s. is studied. The comparison of experimental and ; 
theoretical results has predominantly a qualitative character. The 
calculutions made by other authors according to the theory of peripheric ;, 
interaction (based on the perturbation theory) in single-meson pole, 
approximation gave for nucleon-nucleon interaction at 9 Bev and 200-300 Bev 
good agreement with experiments, which shows that peripheric interaction | 
at these energies plays an important role. In this approximation, the 
square of the four-monmentum of the intermediate pion is given by 


= 


r= —l — mi 4 ole = Des 0 Val x 
: (5)° 
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from this one obtains for symmetric excitation of the nucleons (m,=m,<m): . 


Reo — 1 —m? + 2yi — 2V (y? — 1) (y2 — m cos 0’. (6) 


The distribution K (11) calculated according to this formula is shown fn 
Fig. 6. ‘his result is compared with the data of I. %. Dremin and D. S&S. 
Chernavskiy. These workers had found that the total single-meson inter- 
action cross dats om 2 (E) at E200 Bev nore ee eee values 


only when o_, cae ) is a smooth function of x? for Ke £0) and decreases © 


rapidly we further increase of xe. In the case considered here ‘e is 
essentially larger than (7y)*; so this approximation cannot be used. The 
results of the investigations described here may be summarized as follows: © 
The mass of the excited nucleons and the multiplicity of the generated 

mesons depend on the direction of motion of the excited nucleons in the 

c.m.s. The form of the angular distribution of the shower particles in’ 

the laboratory system depends on the velocity and direction of motion of : 

the exqited nucleons ih the c.m.s. The transfer of four-momentum on pg: 
nucleon interaction is, in all cdses, large compared to (7p)*. Therefore, | xX 
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» if the really excited nucleons are centers of emission of the shower 
mesonsy and if the direction of their motion coincides with the cone axis, : 
the excitation mechanism of the nucleons must deviate strongly from’the 7 
single-meson interaction. it. I. Podgoretskiy is mentioned. There are 6 
figures and 12 references: 6 Soviet-hloc and 6 non-Soviet-bloc. 
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JRSHORS : Lasarev, 4.N., Lazareva, T.P. and Takibayev, zn.o. 
SDSL: fultiply-charged particles from cosmic-ray stars 
SOURCE: Miadeniya nauk Kagzakhskoy SSR. Institut yadernoy 


figili. Trudy, v- 5. Alma-Ata, 1962. Fizika chastits 
vysokikh energiy. Struktura yadra, 96-101 


eleva "he authors studied multiply-charged particles 
(Tracments) from cosmic ray stars produced in emulsions at a height y 
of about 30 Im. ‘he charge of a fragment that is stopped in the — 
ermiision can pe found from the width of the Last 1504 of its track. 

“ae unstable ¥YLLI particles have an angular distribution that is near- 

iv isotropic and an energy spectrum that agrees well with that pre- 
Gicted by the evaporstion theory, therefore most of the YLi parti- 

cles are probably evaporated from excited nuclei. The stable parti- 

cles with 4 = 3 and energy greater than 60 Mev -have a strongly ani- 
sotrovic angular distribution (the ratio of the numbers,in the for- 

ware nad pact directions is 45/2) and an energy spectrum that cannot 
Care 1/2 
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peels Me author discusses the possibility of using colli- / 
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injection of a thire veam of electrons in order to neutral? tt 
2ace che YGe, and sives the results of calculations of the mOELOn 

Cf Chergec particles in a toroidal magnetic field, He sugsests the 
use of a toroid that is divided into sections so that the axial mag : 
netic field is reversed in successive sections; in this way the 
Scans vould ve convined and the particles would perform slow axial 
oscil ‘LLations: this ethod is shown to be superior to a Ligure-of- 
eight system. aA supplementary field must be provided in order to 

ccturn scattered particles into the beam and 6 improve the focus- 
sing of the beam; a suitable field can be produced if four conduc- 

ors are wound around the toroid and inclined at a small angle to 

ts axis. There are 6 figures. 
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origin of the high-energy fragments from 
rocesses induced by cosmic rays, the authors 


Fae ee 

dous igh-energy particles in stars caused by Y-Bev 

phot i The traces of all Z=2 particles were identified 
as cvelonging to alphas with energies ranging from about 100 to about 
2000 Nev. Some of these traces, however, may also pertain to He’ nuclei 
‘hich are difficult to distinguish from alphas. There are 3 figures 
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pion-nucleon interactions 
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The production of pions, strange particles, ang new rapidly 
decayin” systems is studied in inelastic interactions between 7.5-Bev 
pions and the nucleons of a nuclear emulsion. Out of 2100 interactions 
recordel, 200 “ere classified as inelastic pion-nucieon interactions; and 
among the 423 particles identified there were 259 pions, 19 K-mesons, and 
45 protons. The angular Jistributions of the secondary protons and pions 
xag studied, as well aos their momentur Jigtributions, which have 2 
maxima. The protons of the (xp) collisions have less energy than those 
of the mm) collisions. The c.m.S- K-meson enerey fluctuates between 

500 and TOO Mev. In 3 cases 2 YY mesons were produced simultaneously in 
inelastic (xt!) interactions. Their mass “as approximately 1 Bev 
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Graphs a and dé are considered on 2 assumptions, (1) g__(2*)=const. 
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(2) on is obtained from the Breit-Wigner resonance formula for T = T = 1. 


The graphs @ ,2,0 describe (n¥) interactions with exchange of quasiparticles 
The graphs 6,1, and 4 supply the main contribution in the high-energy 

peak in the proton momentum distribution at 1.4-1.6 Bev; this maximum can 
be explained, the other one, at 0.4~-0.6 Bev cannot be explained by a-z. 
There are two further possible explanations: (1) that the maximum is due 


Card 2/3 


iS) peeenaaes 


APPROVED FOR RELEASE: 07/13/2001 CIA-RDP86-00513R001754720016-8" 


"APPROVED FOR RELEASE: 07/13/2001 CIA-RDP86-00513R001754720016-8 


POP GSES eae BE CoE aE 


IST ad ES PRET TE 


Investieati : : : 
estigation into particle ... 34020/65/148/004/011/025 

to non: 

Mok ee pace aes that are Connected with a 

tao. ae (2) it could he explained by a certai 

2Aere onupe 4 firures and 1 talile. « hAQin 


high momentum transfer to 
type of pole graph. 


QO AT ing, 
AE SP Py sbi 

: Tustitut yalernoy finiki Akademii 
Of Nuelesar Vhysies of ie 


Hise ieee ty Ge F 
se nank hamGoOR CInatitute 
he Academy of Seitences kaz33p) 


July 13, 1962 J 


APPROVED FOR RELEASE: 07/13/2001 CIA-RDP86-00513R001754720016-8" 


"APPROVED FOR RELEASE: 


a. CIA-RDP86-00513R001754720016-8 


aeeaciseas 


! 
L 1601365  EWT(m) DIAAP/SSD/AEDC(a)/AFWL/ESD(g6)/ESD(t} ie ee rt ss 
ACCESSION NR: AP4049586 : ane oi . $ /0048/64/028/011/1741/1750 Se 


AUTHOR: Grigorov, N. be} Dobrotin, N.A.3 ‘Zhdanov, G.B. ; Takibayev, Zh.S- Mi B : - 


ntal investigation of nuclear interactions ‘at energies from 1011 ‘to: 


TITLE; Experime 

.1013 ey /Report, All-Union Conference on the Physics of Cosmic Rays held in Moscow . 
(4 to 10 Oct 1963/ : boty ae 
: goURCE: AN SSSR. Izv. Seriya fizicheskaya, V-28, no.11, 1964, 1741-1750. eg 
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ABSTRACT; The paper is primarily a general yeview of recent experimental work,” 
_mainly by Soviet scientists, on nuclear processes occurring at very high energies . 
It is noted that nuclear. 


“(BS> Mc2), specifically, in the 1022 to 1025 ev range. 
haracterized by very Slow variation of their: © 


‘processes in this energy range are c 
characteristics (cross section, etc.) with energy, which makes it imperative to en-' 
compass a wide energy interval in order to discover trends and regularities. Men~.- 


tion is made of some theoretical evaluations as well as confirming or: independent. 
‘experimental studies by means of pellicle stacks, ionization calorimeters, various ane 
counter and chamber arrays ,and spark chambers (the merits of the last are stressed), 


APPROV : 
ED FOR RELEASE: 07/13/2001 CIA-RDP86-00513R001754720016-8" 


APPROVED FOR RErEneE: 07/13/2001 CIA-RDP86-00513R001754720016-8 


foe ee ee eee 


Sse SBT 


L 1601365 = a Pees 
ACCESSION NR: AP4049586 att QO: 
aimed at determining gamma-ray spectra, particle distribution, shower particle spec-.. 
tra, etc. The fire-ball model is discussed in connection with some of the briefly 
described experimental results and theoretical hypotheses. Mainly, only fragmentary, 
or general data are given. Among the experimental problems suggested for further 
study in the immediate future are measurement of the inelasticity coefficient and - 
-its variation in magnitude in nucleon-nucleon interactions, determination of the. 
variation of the inelasticity coefficient and interaction cross section with the 
‘atomic number in nucleon-nucleus interactions, clarification of the role played. by : 
-the fire-ball mechanism in nucleon-nucleus and pion~nucleon interactions, determi- 
‘nation of the significance of the process of ‘pion production via decay of isobars 
and comparison of neutral and charged pion production processes, determination of. 
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ABSTRACT s ; Bonding coefficients which are used to study variations in cosmic’ 
‘cays are computed on the basis of the character of an elementary event of the © 
‘interaction of a primary nucleon with nuclei of atmospheric atoms in which 

' the spatial distribution of a nuclear cascade in the atmosphere is taken into 
-account, This problem was solved earlier in the one-dimensional approximation 

| :for a vertical flow of primary particles. In this article the angular apread 
‘of particles is considered, The. bonding coefficients are derived for the oh 
‘mu-meson component, It is ase“-ed that a primary particle loses the same 
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are described. autagether 7,960 events were detected in a fot” 
primary track length of oF ot meters (corresponding to a mean free 
path 36.8 + 0.4 cm). From these, 1,035 elastic p-N interactions —— 
were selected. The distribution of the p-p. events with respect , 
to the number of prongs ig in agreement with hydrogen bubb’s chan- 
ber data. The mean number of charged secondary particles from P-P 
and p-n interactions are 4.3 + O02 and 4.5 + 0-2 respectively. ips 
Showers with asymmetric emission ; icles in the Cem-5- 
were also investigated. The distribution of the asymmetry of the 


individual interac 
shower particles a 
fashion. The dependence of the mu 
nucleus is analyzed, and the experi 
the predictions of various theoretical mechanisms 

action, between the nucleons and nuclei. It is shown that the best — 
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Research. The stacks were a ot inted practically simultaneously, | 
in a 9 BeV proton beam, ina direction perpendicular to the emul- 9° 
racks of electron-positron asi 


_gion plane. Results obtained from t 
pairs and delta rays in a stack of 600 » Ilford G-5 ‘emulsion irra~. 


diated by 17-BeV pions in the CERN accelerator are also presented. 
The ratio of the ionization on the plateau of the ionization curve . PE 
to the value at the minimum coincides for the different emulsions : Reg: 
within the limits of experimental error. The average value of this °° 
_ ratio is 1.104 + 0.010. The observed jonization-momentum dependence rae 
agrees with the curve calculated on the basis of the Sternheimer | 
equation (Phys. Rev. V- 88, 851, 1952; 89, 1148, 1953; 91, 256, — 
1953; 103, 511, 1956), with parameters t = 270 eV and Tg + 2 keV 
(I -- jonization potential, ea cutoff energy). "The authors 
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